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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] . nn _ 

[Claim 1] Porosity piezoelectric ceramics which has the spherical free passage pore whose porosity a pore diameter is 0.05-5mm, 
and is 50 - 85%, and piezoelectric complex materials of the configuration by which the free passage pore section was replaced by 
the resin. . 

[Claim 2] The manufacture method of the piezoelectric complex materials characterized by preparing the porosity piezoelectric 
ceramics which has the spherical free passage pore whose porosity a pore diameter is 0.05-5mm, and is 50 - 85%, making a 
liquefied resin permeate the free passage pore section, and stiffening a liquefied resin in the state as it is. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[hdustrial Application] this invention relates to the piezoelectric complex materials used for medical-application diagnostic 
equipment, a fish detector or sonar, etc., and its manufacture method. 

roescnption of the Prior Art] Conventionally, various piezoelectric ceramics material including titanic-acid lead zirconate system 
ceramics is used as piezoelectric ceramics element material, such as a living body, medical- application diagnostic equipment for 
water and a fish detector or sonar, however, such material - an acoustic impedance - about 30 - xl06 kg/m2S it is - smce 
remarkable ] it is high compared with the acoustic impedance (about 1 .5x106 kg/m2 S) of a living body or water, the transmitted 
acoustic wave reflects underwater by the element interface, and there is a problem of causing trouble to transmission and 
reception Therefore, by composite-izing piezoelectric ceramics and a resin, an acoustic impedance is reduced and taking 
adjustment with a living body or water is performed. 

r0003] As a method of composite-izing piezoelectric ceramics and a resin, a piezoelectric ceramic particle and a liquefied resin 
are kneaded and hardening ****'s is common in a resin after that. However, in this composite matenal, it is hard to say that it is 
completely in contact with the piezoelectric ceramics particle comrade, therefore polarization processing is easy to become 
inadequate, and piezoelectric ability cannot fully be pulled out in many cases. 

[00041 Although the piezoelectric complex materials which made the resin permeate the pore section of porosity Piezoelectric 
ceramics are also reported, the porosity of the porosity piezoelectric material reported by present is at most about 40 A smce it 
contains the closed pore much further, a resin does not replace the pore section completely but composite-King is inadequate 
porosity ] On the other hand, the porosity piezoelectric material of high porosity manufactured usmg the firing urethane foam is 
also proposed. However, the mechanical strength falls greatly with the increase in porosity. 

[0005] Therefore, since many closed pores were included, even if a resin does not permeate the pore section and it is the porosity 
piezo electric crystal of high porosity, since the frame intensity is low, a resin's and composite-izing are difficult, when 
composite-izing using conventional porosity piezoelectric ceramics. That is, the present condition is that what goes satisfactorily 
as a composite material of piezoelectric ceramics and a resin is not yet developed. 

|?robllm(s) to be Solved by the Invention] The place which this invention person used to complete this invention in view of the 
above-mentioned problem as a result of continuing research wholeheartedly, and is made into the purpose is to offer the 
piezoelectric complex materials using the porosity piezoelectric ceramics which has the acoustic impedance of a living body or 
water, and the acoustic impedance of equivalent level, and polarization processing is easy and has still more sufficient mechanical 
strength, and its manufacture method. 

[Meanl for Solving the Problem] For 0.05-5mm and porosity, a pore diameter is [ the material of the above-mentioned purpose ] 
me porosity piezoelectric ceramics in which it has the spherical free passage pore which is 50 - 85%, and the piezoelectric 
complex materials of the configuration by which the free passage pore section was replaced by the resin. It is attained, and a pore 
diameter prepares the porosity piezoelectric ceramics which has 0.05-5mm and the spherical free passage pore whose porosity is 
50 - 85% and makes a liquefied resin permeate the free passage pore section, and the manufacture method of an 
above-mentioned material is attained by the manufacture method of the piezoelectric complex materials characterized by 
stiffening a liquefied resin in the state as it is. ... ,♦•»_■ 

rOOOSl Since it is composite-ized with the resin where piezoelectric material is connected completely, that it is important m this 
invention has polarization which has not been carried out to satisfaction in the conventional composite matenal in the matenal 
which can be carried out easily, and its manufacture method having been offered. Furthermore, smce piezoelectnc ceramics was 
the porosity which has spherical pore, the mechanical strength was high, and since it had free passage pore, the resm has replaced 
the pore section completely. , . 

[00091 In this invention, a closed pore writes below the independent pore which are not an open pore and a free passage about 
free passage pore. In addition, distinction of an open pore and a closed pore can be measured by the weight augend (equivalent to 
the volume of the open-pore section) of a water state. . 
[0010] The pore configuration of the porosity piezoelectric ceramics which accomplishes the skeleton section of this mvention is 
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spherical High porosity has been attained by considering as spherical pore. When not considering as spherical pore, a mechanical 

strength has the danger that will become low, consequently the element itself will damage even small impulse force. 

rOOl 11 In this invention, a pore diameter is 0.05-5mm. By considering as spherical pore, porosity can be made high. 0. the 

manufacture is difficult for the pore diameter of less than 05mm on a process. The mechanical strength of the element which will 

be obtained on the other hand if a pore diameter exceeds 5mm falls, and is not borne at practical use. 

rOOl 21 The porosity of the material of this invention is 50 - 85%. Less than 50% of porosity is [ reduction of an acoustic 

impedance ] insufficient. On the other hand, if porosity exceeds 85%, a mechanical strength will fall and practical use will not be 

[0013] The porosity electrostrictive ceramics which forms the skeleton section of the material of this invention has free passage 

pore By considering as free passage pore, a resin can replace the pore section and-izing of it can be carried out [ **** ] 

completely. 95% or more, if it puts in another way, as for free passage mind efficiency (rate of an open pore), it is desirable that 

the rate of a closed pore is less than 5%. . 

[0014] These pore diameters and porosity are suitably determined that each physical-properties value of the piezoelectric 

complex materials of this invention which is a final product will turn into a desired value in view of the viscosity, a dielectric 

constant, an elastic modulus, rigidity, acoustic velocity, other piezoelectric ability, etc. of the resin compounded. 

10015] As a material of the piezoelectric ceramics of this invention, a lead titanate, lead zirconate, titanic-acid lead zirconate, 

magnesium niobic-acid lead, a barium titanate, niobic-acid cobalt, a lithium niobate, a lithium tantalate, etc. are mentioned. Curie 

temperature is [ among these] high and especially piezoelectric high titanic-acid lead zirconate is desirable. 

r0016] The open-pore section of the porosity piezoelectric ceramics of this invention takes the gestalt buried with the resin. A 

portion is almost buried with a resin and, as for a foam (portion into which it is not buried by the resin but air remams), it is 

desirable whether it can do and that it eliminates [ of an open pore ] . 

[0017] The resin in which ferroelectricities, such as a resin in which ferroelectricities, such as silicone, epoxy, paramn, 
polyethylene, polypropylene, an acrylic, styrene, a melamine, and a phenol, are not shown or P VDF, a VDF-TrFE copolymer, a 
VDF-TeFe copolymer, and a DVCN-VAc copolymer, are shown as a resin is mentioned. Resins, such as epoxy which can control 
the start of a polymerization easily by addition of a catalyst etc., silicone, and an acrylic, are [ among these ] desirable. 
r00181 The physical properties of the piezoelectric complex materials of this invention are uniquely determined by the quality ol 
the material of the porosity piezoelectric ceramics which accomplishes a skeleton, porosity, and the composite-ized quality of the 
material of a resin. Therefore, a desired property can be freely set up according to the design manual of the piezoelectric complex 

materials reported conventionally. , . • • „ ;„ 

[0019] Hereafter the manufacture method of the material of this invention is descnbed. First, porosity piezoelectric ceramics is 
produced Althou'gh porosity piezoelectric ceramics is producible by the manufacture method of the well-known ceramic porosity 
object reported conventionally, it is desirable to manufacture by mixing the aquosity slurry of the piezoelectric ceramics fine 
particles containing a hardened type resin with the foaming polystyrol sphere which is pore formation material, as shown, for 
example in a Japanese-Patent-Application-No. No. 54223 [ six to ] official report, making the account mixture of back to front 
harden, and subsequently calcinating. , , , 

[00201 It is desirable to specifically prepare the aquosity slurry which consists of piezoelectric ceramics fine particles, a hardened 
type resin and water at least, to make a hardened type resin harden after mixing the foaming polystyrol sphere and foaming curing 
agent which have the pore diameter of this slurry and a request, and to produce a porosity piezoelectric ceramics object through 
dryness, degreasing, and a baking process subsequently. _ 
[0021] You may use what thing, if it is the fine particles of the aforementioned piezoelectric ceramics material usually used as 
piezoelectric ceramics fine particles. As for the particle size of piezoelectric ceramics fine particles, it is desirable to use the thing 
of the size which is easy to slur by mixture with water. Specifically, fine particles with the 0. 1 - 10-micrometer mam particle 
diameter are desirable. Since the amount of water required for a slurry increases in less than 0. 1 micrometers and the viscosity 
becomes high too much, there is a problem on work and it is not desirable to cause trouble on the occasion of the use etc. On the 
other hand, since fine particles precipitate in a slurry, and it cannot distribute uniformly or problems, such as being inferior to a 
degree of sintering, arise when 1 0 micrometers is exceeded, it is not desirable. 

r0022] It is desirable to use the foaming polystyrol sphere as pore formation material. Since the foaming polystyrol sphere 
consists of a small amount of organic substance as compared with the volume, it has the advantage that degreasing can perform 
smoothly compared with other organic substance, the bead with which the foaming styrol sphere made foaming gas, such as 
butane contain in a polystyrene sphere - for example, warming among [ of 100-140 degrees C ] a steam - although 
manufactured by processing with a vessel for 3 minutes to 20 hours, the expansion ratio in that case is 5 or more times preferably 
When there are too few expansion ratios, degreasing becomes difficult and voidage cannot be made high. In this mvention, the 
foaming polystyrol sphere is only described as a styrene foam sphere below. 

[0023] Since a styrene foam sphere is used as pore formation material, it does not remain for the element which is a final product, 
but is altogether removed in a manufacturing process. Although the method using the solvent which dissolves a styrene foam 
sphere the method of incinerating a styrene foam sphere with heat treatment, etc. are mentioned as the removal method, m order 
to manufacture the porosity piezoelectric ceramics element of this invention, it is desirable to coat a styrene foam sphere front lace 
with the paraffin series solvent which carries out the little dissolution of the styrene foam sphere at 30-60 degrees C beforehand 
to process at 30-60 degrees C, to carry out the little dissolution of this styrene foam sphere, and to carry out incineration removal 
completely at the degreasing process 
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[0024] the bead with which the styrene foam sphere made foaming gas, such as butane, contain in a polystyrene sphere as 
mentioned above -- for example, warming among [ of 100-140 degrees C ] a steam -- it manufactures by processing with a vessel 
for 3 minutes to 20 hours As for this foaming processing, it is desirable to carry out until foaming gas is removed completely. 
When foaming gas remains, a styrol sphere expands further in the stage of heat-treatment, such as drying the postforming object, 
and it is apprehensive about damaging a Plastic-solid skeleton. Although it was made to foam by 1 00- 1 40-degree C 
heat-treatment, after once foaming in polystyrene greatly with progress of the processing time and specifically removing foaming 
gas completely, foaming of poly styrene stops and is contracted gradually after that. Therefore, it is desirable to end foaming 
processing, after checking to have resulted in the contraction stage, and to use the styrol sphere. 
[0025] Although it is subsequently mixed with a slurry, and a styrene foam sphere is united and being hardened within 
30-60-degree-C mold, stress works in a styrene foam sphere then. If a Plastic solid is taken out from a mold where this stress is 
applied, the skeleton of a Plastic solid will be damaged. Then, in order to ease the stress, it is desirable to make the front face of a 
styrene foam sphere coat with the solvent of paraffin series beforehand so that a styrene foam sphere may dissolve in the state of 
hardening within a 30-60-degree C mold, as mentioned above, coating the solvent of paraffin series - a styrene foam sphere - 
30-60 degrees C - the dissolution is comparatively started at low temperature 

[0026] The particle size of a styrene foam sphere is controllable by the content and foaming conditions of the size of a polystyrene 
sphere, and foaming gas suitably to a desired particle size, as mentioned above, after [ moreover, ] foaming gas was removed 
completely - continuing - 100-140 degrees C - warming - if it processes, a styrol sphere can use contracting gradually and can 
also obtain a desired particle size In addition, since the pore diameter of a final product is determined, in order to obtain a desired 
pore diameter, as for the particle size of a styrene foam sphere, it is desirable to carry out a classification etc. and to arrange 
particle size beforehand. Moreover, in order that an element may carry out burning shrinkage with baking, it is desirable to 
choose this particle size suitably in consideration of a burning shrinkage beforehand. 

[0027] An aquosity slurry can consist of the water which is piezoelectric ceramics material fine particles, an aforementioned 
hardened type resin, and an aforementioned dispersion-medium object at least, and can make the foam suppressor for reducing 
rate-of-drying regulators, such as a viscous regulator for making suitable the deflocculatant for distributing piezoelectric ceramics 
fine particles stably efficiently if needed, and the workability of a slurry, ethylene glycol, and a polyethylene glycol, and cellularity, 
a defoaming agent, pH regulator, etc. contain. Adjustment of the slurry of piezoelectric ceramics fine particles is produced by 
using distributed equipments, such as a ball mill and attritor, according to a conventional method. 

[0028] A hardened type resin is in the slurry containing piezoelectric ceramics fine particles, and raises skeleton intensity by the 
hardening operation with addition of a curing agent. As a hardened type resin, the crosslinking reaction type resin which forms 
three-dimensions-like mesh combination by the reaction is desirable. Specifically, there are a meltable type or distributed type 
resins, such as vinyl system resins, such as an acrylic and vinyl acetate, and epoxy, a phenol, a urea, a melamine, urethane, etc. 
The water-soluble epoxy resin in which crosslinking reaction occurs among these in the alkaline field in which a deflocculatant 
acts effectively is desirable. 

[0029] hardened type resins content - the piezoelectric ceramics fine-particles 100 weight section - receiving - 1 - 20 weight 
section - it is 3 - 10 weight section preferably When there is too little resins content, the intensity of the Plastic solid after 
hardening becomes small, on the other hand, when there are too many the contents, degreasing of this pitch becomes difficult and, 
in any case, the intensity of a final product becomes small as a result. 

[0030] After the mixture with the aquosity slurry of piezoelectric ceramics fine particles and a styrene foam sphere only agitates a 
styrene foam sphere and a slurry within a container and is mixed, or it pours it in into a mold, it is beforehand filled up with a 
styrene foam sphere in a container, and it has various methods, such as slushing a slurry in the opening. 

[003 1 ] Subsequently the Plastic solid which raised skeleton intensity by the hardening reaction and was dried enough degreases 
and calcinates. Degreasing and baking are carried out by the conventional method. By carrying out a temperature up to 500-600 
degrees C by the comparatively quiet programming rate, a degreasing process removes the organic substance, such as a binder 
and a styrene foam sphere. Under the present circumstances, a fresh air can be passed in a furnace and this can also be promoted. 
In baking, when using the piezoelectric ceramics accompanied by evaporation at a leaden elevated temperature, it is desirable to 
bury in the fine particles which are among the container sealed in order to compensate this, or generate the quality of an emission, 
and to calcinate at predetermined temperature (usually 1200-1350 degrees C). Thus, a porosity piezoelectric ceramics object is 
producible. 

[0032] Subsequently, a liquefied resin is made to permeate the pore section of the aforementioned porosity piezoelectric 
ceramics, and a resin replaces the pore section. The viscosity of a liquefied resin has the lower desirable one. Specifically, it is 
desirable that it is the viscosity of 2000cps or less at a Brookfield viscometer and rotational-speed 6rpm. If it is not a liquefied 
resin, or if viscosity is too high, a resin will not permeate pore, especially pore details. 

[0033] The resin which is heated as a liquefied resin in this invention beyond the melting point of a resin, and is in a melting state, 
the resin in the monomer state of low molecular weight, the resin which is in the dissolution or the state where it was 
emulsion-ized, in a solvent are mentioned. These liquefied resins are stiffened by subsequent disposal. And the piezo-electric 
complex of this invention is producible. 

[0034] For example, if it is a resin in a melting state, it will harden by lowering temperature. Specifically, paraffin, polyethylene, 
polypropylene, etc. are mentioned. Moreover, if it is a resin in a monomer state, it will promote polymerization reaction by 
polymerization-catalyst addition, U V irradiation, etc. and macromolecule-ize, and will be made to harden. Specifically, epoxy, 
silicone, an acrylic, etc. mention and it is ****** Moreover, it can harden by removing a solvent in a solvent, if it is the 
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dissolution or the emulsion-ized resin. In order to make it composite-ize firmly with a porosity ceramic object among these, a start 
is controlled [ epoxy, silicone, an acrylic, etc. ] for a polymerization by addition of a catalyst etc., and the method of stiffening is 
desirable. 

[0035] It is desirable that adjust a pressure, or adjust temperature and a resin makes the pore section permeate effectively on the 
occasion of the resin substitution to the pore section. Subsequently the produced piezoelectric complex materials process a 
desired configuration, install an electrode, and can use it as an element of piezoelectric material by performing polarization 
processing. 

[0036] An example is given below and this invention is explained concretely. 
[Example] 

an example 1 ~ porosity piezoelectric ceramics is produced first In this example, titanic-acid lead zirconate (Following PZT and 
notation) was used as the quality of the material. It foamed in the styrene foam raw material (an ESUREN bead, Sekisui Plastics 
Co., Ltd. make) of various lot numbers for 10 minutes at 105 degrees C. Subsequently, the styrene foam sphere (10 times as many 
expansion ratio as this) was coated with the liquid paraffin ( Wako reagent) on the front face. Subsequently, after carrying out 
oscillating restoration, with the male type which has an inlet in the center, it compressed into 40x1 00x1 00mm size, and the 
styrene foam Plastic solid was prepared for the scalpel type container made from polypropylene of 50x100x100mm size. 
[0037] Subsequently, the slurry of the piezoelectric ceramics fine particles of the composition shown below was produced using 
the ball mill. 
[Slurry composition] 

PZT (titanic-acid lead zirconate) powder The 100 weight sections (PE-650 Fuji Titanium Industry Co., Ltd. make) 
Crosslinking reaction type water-soluble epoxy resin 8 weight sections (made in EX-321 Nagase Chemicals) 
Water 1 8 weight partial powder (polycarboxylic-acid ammonium salt) 1 weight section curing agent (triethylenetetramine ) 1 
weight section .... From after to mixture [0038] In addition, after the curing agent carried out ball mill mixture, where a slurry is 
cooled at 5 degrees C or less, it was mixed. It poured in more quickly than the up inlet of the styrene foam Plastic solid which 
prepared the created slurry beforehand. Then, it was made to harden at 50 degrees C for 3 hours, and the Plastic solid was taken 
out from the mold, and it was left at 90% of temperature humidity of 70 degrees C, and was left with 80% of temperature humidity 
of 1 10 degrees C at 90% of temperature humidity of 90 degrees C for 20 hours for 10 hours for 10 hours, and the Plastic solid 
was obtained. It checked that it was dry enough, and the obtained Plastic solid had also contracted styrene foam enough, and had 
not damaged the skeleton. Subsequently, it calcinated at 1230 degrees C for 2 hours, and the porosity piezoelectric ceramics 
baking object was acquired. The programming rate at the time of baking set even 400 degrees C accompanied by degreasing to 1 
degree C/min, and set after that to 3 degrees C/min. 

[0039] Thus, the diameter and the amount of mixtures of styrene foam were changed, and the porosity piezoelectric ceramics 

object which has various kinds of porosity and a pore diameter as shown in Table 1 was produced. In addition, it measured by the 

method of showing the porosity, the pore diameter, the rate of an open pore, and flexural strength of the obtained porosity 

piezoelectric ceramics element below. Moreover, for comparison, a prototype was built also about the porosity object by which 

the conventional proposal is made using the same powder, and those performances were also measured. 

[0040] [Porosity] The porosity of a sintered compact was computed based on the following formula. 

Porosity =(1 -rho/rho t) xlOO (%) 

rho: Bulk density of a sintered compact (kg/m3) 

rhot : Theoretical density of the used ceramics (kg/m3) 

[Pore diameter] It observed with the optical microscope. 

[The rate of an open pore] 

Rate of open pore = (open-pore volume / pore volume) 

[Flexural strength] The test piece was cut down in the 6x8x50mm size, and tripartite flexural strength was measured on crosshead 
speed 0.5 mm/min and span 40mm conditions. 

[0041] Subsequently, it mixed, where the crosslinking reaction type water-soluble epoxy resin (made in EX-321 Nagase 
Chemicals) 100 weight section and the triethylenetetramine 1 5 weight section are cooled at 5 degrees C or less, and the 
non-hardened liquefied resin was prepared. The viscosity of a resin was 400cps in rotational- speed 6rpm at that time. The 
prepared liquefied resin drove out the air of the pore section effectively, mixing and exhausting within the porosity piezoelectric 
ceramics object produced previously and an exhaust air bell, and replaced the pore section by the resin. After finishing exhaust 
air, it was left at the room temperature for 24 hours, and the resin was stiffened completely, and the piezoelectric complex 
materials of this invention were obtained. It measured by the method of showing the acoustic impedance of the obtained 
piezoelectric complex materials below. 

[0042] [Acoustic impedance] The silver electrode was applied to the field which cuts down a test piece in a 6x6x1 5mm size, and 
counters it. Polarization processing was performed for this by one to 2 kv/mm in the 1 20-degree C silicone oil for 1 hour, and the 
porosity piezoelectric ceramics element was produced. Resonance frequency was measured using this element and the acoustic 
impedance was computed based on the following formulas. 

Acoustic-impedance =2xlxfr xrhol: The length of the propagation direction of vibration (m) 

fr : resonance frequency (Hz) 

rho: Bulk density of a sintered compact (kg/m3) 

[0043] The above result is shown in Table 1 . 
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[Table 1] 
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* The mark is an example of example of comparison 1 1 *:comparison. Porosity piezoelectric ceramic which used and produced 
the urethane foam SU element 12*: Example of comparison ** which finished setting up cylindrical piezoelectric ceramics in 
three dimensions, and produced it From the result of the **** piezoelectric ceramics element table 1 , the proper range of 
0.05-5mm porosity of the proper range of a pore diameter is 50 - 85%. Moreover, it was important that it was free passage 
spherical pore. 

[0044] A volume ratio 70:30 comes out comparatively, mix simply, it was made to harden using the same resin as the example 
example 1 of comparison, and PZT fine particles, and the complex of PZT and an epoxy resin was produced. The produced 
complex was cut down in 6x6x1 5mm size like the example 1 , the electrode was installed, and polarization processing was tried. 
However, probably because PZT powder did not touch, it became clear that is inadequate and it is not desirable as elements, such 
as sonar. [ of polarization ] 

[0045] As shown in example 2 table 2, piezoelectric complex materials were produced on the same conditions as No4 of the 
**** example 1 for resins which has various kinds of viscosity, and the composite-ized state of a porosity piezoelectric ceramics 
object and a resin was investigated. The viscosity of a resin and the composite-ized state with a resin were measured by the 
method shown below. 

[0046] [Viscosity] It measured on condition that rotational-speed 6rpm using the Brookfield viscometer (Tokyo Keiki Co., Ltd. 
make). 

[Composite-ized state] 

x: A resin hardly permeates. 

O : the resin has not permeated even pore details. 

O : the resin has permeated completely to pore details. 

[0047] 

[Table 2] 
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Nol3 andNol4 are the resins of a silicone system and acrylic [16/No/Nol5 and ] in front Naka. 

[EffSt of the Invention] By this invention, an acoustic impedance is reduced to the acoustic impedance and equivalent level of a 
living body or water, and piezoelectric complex materials with easy polarization processing can be offered. Moreover, this 
material can be manufactured by the manufacture method of this invention. 
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